Abstract
Introduction
Exposure assessment is critical for epidemiologic research on occupational risk factors for disease, as well as for surveillance and compensation purposes. When it is not possible to conduct measurements, such as for retrospective exposures, a variety of proxy indicators can be used (occupation, industry, and tasks of the worker). Often the worker's occupation is the only information available, yet it is clear that estimates of exposure should embody more detailed information that incorporates the identity of the agents in the workplace as well as route, frequency, intensity, and duration of exposure (Kauppinen, 1994) . To the extent that exposure databases, such as job-exposure matrices, are based on either epidemiological studies or exposure surveys, they rely mostly on measurements where men worked (Niedhammer et al., 2000; Ward et al., 2003) . Men and women have quite different occupational profiles (Kennedy and Koehoorn, 2003) and this is still true today. For example, in Canada, 87% of construction workers are men and 80% of healthcare and social services workers are women.
But when men and women are classified in the same occupation, to what extent can we assume that men and women also have the same occupational exposures? There have been a few reports indicating that, even within the same occupation, men and women perform different tasks and may experience different exposures, either to different agents or to the same agents but at different intensities and frequencies (Messing et al., 1994; McDiarmid et al., 2000; Locke et al., 2014) .
Most of the studies that provided empirical evidence on differences in exposure between men and women were focused on ergonomic and stress-related characteristics within the same occupations (Messing et al., 1994; McDiarmid et al., 2000) . Little is known of differences in exposures to chemical and physical hazards between men and women (Stellman, 1999; McDiarmid et al., 2000; Kennedy and Koehoorn, 2003; Locke et al., 2014) , even within the same types of jobs.
We undertook the present analysis to estimate the level of agreement and identify notable differences in occupational exposures (agents) between men and women from retrospective assessment by expert coders.
We made use of two population-based case-control studies, one on lung cancer in men and women (Parent et al., 2007; Vallieres et al., 2012) and the second one on postmenopausal breast cancer (Labreche et al., 2010) , that we conducted in Montreal, Canada, in the mid1990s. Both studies were designed to determine whether occupational and environmental exposures were associated with the incidence of these types of cancer and both included a detailed occupational exposure assessment method (Gérin et al., 1985; Gérin and Siemiatycki, 1991; Siemiatycki et al., 1991) .
Methods
Original case-control studies
Study population
Details of subject ascertainment, data collection, and exposure assessment for the two Montreal-area casecontrol studies can be found elsewhere (Parent et al., 2007; Labreche et al., 2010; Vallieres et al., 2012) .
Briefly, in the lung cancer case-control study, men's and women's cases were recruited between 1996 and 2001 and were between 30 and 75 years of age at time of diagnosis (in Supplementary Table A, available at Annals of Work Exposures and Health online, it presents additional information on these subjects). Population controls were selected from electoral lists and frequencymatched to cases by age and sex. In the postmenopausal breast cancer case-control study, cases were recruited between 1996 and 1997 and were between 50 and 75 years of age at diagnosis. Hospital-based control subjects were used, they were newly diagnosed with cancer (32 different sites), and they were frequency-matched to the cases by age and hospital.
Occupational exposure assessment
The exposure assessment methodology developed by Siemiatycki and colleagues was used in both studies and applied by the same team of chemists and occupational hygienists (Gérin et al., 1985; Gérin and Siemiatycki, 1991; Siemiatycki et al., 1991) . Briefly, we first coded jobs according to the 7-digit Canadian Classification Dictionary of Occupations (CCDO) coding system (Canadian Minister of Manpower and Immigration, 1971) . We then translated, all jobs held by each subject into a list of potential exposures to 236 chemicals and 7 physical agents (Supplementary Table B, available at Annals of Work Exposures and Health online), based on detailed subject-specific descriptions of jobs. For each agent, coders assigned three indices of exposure: reliability (degree of confidence that the exposure really occurred, on a three-point scale 'possible', 'probable', 'definite'); frequency of exposure (percentage of a 40-h week exposed); and intensity, assessed as 'low', 'medium', or 'high', by means of prototypical benchmark situations. We created an index that combines intensity of exposure averaged over a 40-hour workweek, referred to as frequency-weighted intensity (FWI), computed as exposure intensity*frequency of exposure in hours per week/40 h. To operationalize this computation, as others have done (Olsson et al., 2011; De Matteis et al., 2012) , we attributed numerical values to the three exposure intensity values from the expert assessment (i.e. 'low', 'medium', 'high'). The experts who carried out the coding judged that medium and high levels corresponded approximately to 5 times and 25 times higher levels than the low level (see example in the Supplementary Material-Methods, available at Annals of Work Exposures and Health online).
Comparison of occupational exposures between men and women
To facilitate the comparison between men's and women's exposures within occupations, we created two empirical sex-specific job exposure matrices (JEMs) based on the historic database of exposures assigned by experts in our case-control studies. A JEM can be thought of as a simple two-way matrix, with columns representing occupational codes and rows representing chemical/physical agents' exposure. Thus, separately for men (lung cancer study only) and for women (lung cancer and breast cancer studies), we aggregated subject-specific information from individual jobs held by each subject within each occupational code. Finally, we compared between men and women the coding of exposure to each agent in each occupational code.
The unit of analysis was the combination of occupational code-occupational agent (e.g. Janitors, Charworkers, and Cleaners with exposure to formaldehyde) and we assumed that there were essentially two independent occupational assessments carried out by our coding team, one for women and one for men. The assumption of independence was that the coding of a job for a particular occupation-agent pair should be similar regardless of sex.
Because the 7-digit CCDO is very detailed and cover a large number of job titles (n = 7841), there were too few cells with jobs occupied by both men and women. Thus, in order to have sufficient numbers of men and women in the same occupational codes to support statistical comparisons, we worked with a broader classification level, using only the first 4 digits (unit groups, n = 498) of the 7-digit codes.
Exposure metrics
A job was considered exposed if the frequency-weighted intensity of exposure was at least 0.05 (this corresponds to at least 5% of a workweek; i.e. 2 h, at a low intensity of exposure). This threshold filtered out very short and low-level exposure situations that would artificially increase the prevalence of exposure.
For each JEM cell, the following exposure metrics were created: -'probability of exposure', computed as the proportion of all jobs with the given occupation code that were exposed to the agent; -'intensity of exposure', 'frequency of exposure' and 'frequency-weighted intensity of exposure', computed as medians of these metrics among exposed jobs only.
For probability of exposure, calculations were limited to combinations of occupation-agent (cells in the JEM) with at least 10 jobs for both men and women, and for the other three exposure metrics with at least 5 exposed jobs in both men and women, to ensure minimal precision of the estimates.
Statistical analyses

Measures of absolute agreement
For all exposure metrics, we assessed absolute agreement between the men's and women's JEMs by creating contingency tables or scatterplots showing the bivariate distribution of each metric. For the proportion of exposed jobs, due to the important number of zeroes, we created categories, as a compromise between number of categories and of observations within each category: ≤5%; >5-15%; >15-30%; >30-50%; >50-80%; and >80%. For intensity of exposure, we kept the original ordinal categories (low, medium, high) and created scatterplots for frequency of exposure and FWI. We also assessed agreement using the intraclass correlation coefficient (ICC) and its 95% confidence interval on the original continuous data (proportion of exposed jobs, frequency of exposure, and frequencyweighted intensity of exposure) (Shrout and Fleiss, 1979) . For intensity of exposure measured on a ordinal scale, we calculated a weighted kappa coefficient (Cohen, 1968) .
Identification of notable differences
In addition to evaluating absolute agreement, we identified specific situations where exposures were 'notably' different between men and women within an occupation, and whether these differences tended to show higher exposures consistently for one sex. For the proportion of exposed jobs, the criteria did not rely solely on statistical significance but rather was dependent of the smallest of the two prevalence values between men and women in order to consider smaller differences for the least prevalent exposures and greater differences for the most prevalent exposures. For each prevalence range, the minimum difference threshold was a quarter of the upper limit of the range of values considered, for example, if the smallest of the two prevalence values was comprised between 15 and 30%, the difference had to be at least 7.5%; for the 30-50% category, the difference had to be at least 12.5%; for the 50-80% category, the difference had to be at least 20%; and for the last category above 80%, the difference had to be at least 25%. For the first prevalence range where the smallest of the two prevalence values was 15% or less, the minimum difference threshold was set to 5%, a value agreed upon by the research team. For frequencyweighted intensity, the threshold was expressed as a ratio between men and women that had to be above 5 or below 0.2, which corresponds to a change of intensity category when classifying intensity numerically as 1, 5, and 25.
Bayesian models
To account for chance in the identification of notable differences, we further required that the above criteria be met with a 95% probability (credible limits calculated using Bayesian models) for a JEM cell to be flagged as showing a notable difference between men and women. Hierarchical bayesian models were used to estimate differences (and associated uncertainty) between corresponding men's and women's JEM entries in proportions of jobs exposed, as well as in ratios of frequencyweighted intensity (see Supplementary MaterialMethods, available at Annals of Work Exposures and Health online). For probability, the proportion of jobs exposed (response variable) was modelled as a binomial distribution, separately for each agent and sex, and was allowed to differ according to occupational codes (hierarchical level). This allowed us to obtain a posterior sample of the difference in predicted prevalence between men and women for each occupation and agent. The frequency-weighted intensity was the response variable of a linear model where sex was a predictor, and occupation was again a hierarchical level variable, separately for each agent. This allowed us to obtain a posterior sample of the ratio of predicted FWI between men and women for each occupation and agent. We chose Bayesian models because of their flexibility. A traditional logistic regression model would have allowed us only to know which differences were statistically greater than zero, whereas the posterior samples created by the Bayesian model allowed us to determine which differences met our criterion with high probability (Gelman et al., 2004) .
Sensitivity analyses
We conducted a set of sensitivity analyses to assess the impact of choosing the 4-digit occupational codes as the main definition of occupations for JEM cells. We calculated the same exposure metrics (probability, frequency, intensity and frequency-weighted intensity of exposure) first using the more precise 7-digit occupational codes, and then using combinations of 4-digit occupational codes and 2-digit industrial codes (Statistic Canada, 1980) . In addition, situations identified as notable differences were described according to the distribution of occupations coded more precisely (7-digit codes), their distribution across industrial groups as coded by 2-digit industrial codes, and the tasks reported in the original questionnaires. We conducted a second set of sensitivity analyses to assess the impact of the selected weights assigned to the three intensity categories ('low' = 1, 'medium' = 5, 'high' = 25) by re-calculating absolute agreement metrics using different scales of intensity of exposure, namely 1/2/3, 1/3/9, and 1/10/100. Finally, for probability of exposure, we also assessed the impact of using two other definitions of 'notable' difference: a difference was flagged as notable using the main criterion without considering the probability requirement (assessed in the main analysis with the Bayesian models), and a difference was flagged as notable if its 95% credible interval excluded zero.
Pooling the postmenopausal breast cancer study with the lung cancer study increased the number of individual jobs held by women and consequently the number of occupational titles that could be compared between men and women versus only using lung cancer data (Supplementary Figure A, available at Annals of Work Exposures and Health online). However, such a choice may have affected our results if observed differences between men and women were partly affected by differences in methodology and fieldwork between studies. Thus, we also calculated agreement between women for each of the two studies using the same methods as the main analysis.
Results
The study sample included a total of 13 882 jobs representing 439 4-digit occupational codes, 6870 jobs held by 1657 men from the lung cancer study (411 different occupations), and 7012 jobs held by 1004 women from the lung cancer study and by 1069 women from the breast cancer study (291 different occupations) (see Supplementary Figure A , available at Annals of Work Exposures and Health online, for details on study sample).
Occupations held by men and women
As anticipated, men and women had different occupational profiles. For example, almost 5% of all jobs among men were 'Truck drivers' whereas there was only one truck driver job among women. On the other hand, nearly 11% of jobs among women were 'Secretaries and stenographers', whereas only 0.1% of jobs among men were in this occupation. A few occupations were found in similar proportions among men and among women, for example chefs and cooks, and janitors.
Proportion of exposed jobs
Fifty-nine occupational codes accounting for 6837 jobs (49.2% of all jobs; 2657 among men, 4180 among women, Table 1 ) had sufficient number of subjects in both sexes to conduct intersex comparisons of proportions of exposed subjects. Thus, there were 14 337 cells (59 occupational codes × 243 chemical agents) that provided informative intersex comparisons. Table 2 presents the distribution of the 14 337 cells according to sex and the proportion of exposed jobs. The proportion of cells with perfect agreement between sexes (diagonal of agreement, see Table 2 ) was 87.6%. Of the 12.4% discordant cells, 7.4% corresponded to a greater probability of exposure in men, and 5.0%, in women, suggesting that for equivalent occupational groups and chemical agents, the jobs held by men are deemed proportionally slightly more likely to be exposed than the jobs held by women. The ICC from the continuous probability of exposure values was 0.84 (95% CI: 0.83-0.84) when including all cells, and decreased to 0.76 (95% CI: 0.73-0.79) for cells with both estimates >5% (Table 4) .
Intensity, frequency, and frequency-weighted intensity of exposure Exposure estimates in exposed cells were computed for 118 chemicals and 84 occupational codes, for a total of 654 cells. For intensity of exposure, the proportion of perfect agreement was 84.2% (Table 3) , with a weighted kappa of 0.67 (95% CI: 0.61-0.73) ( Table 4) . Men were more exposed than women: 11.0% of cells corresponded to a greater intensity of exposure in men, and 4.8%, in women. Figure 1 shows the scatterplots comparing men to women for both frequency and FWI. For frequency of exposure, it was greater among men for 254 cells (38.8%) and greater among women for 188 cells (28.7%) (Figure 1 ) and the ICC was 0.75 (95% CI: 0.72-0.78) (Table 4 ). For FWI, it was greater among men for 103 cells (15.7%) and greater among women for 62 cells (9.5%) (Figure 1 ) and the ICC was 0.67 (95% CI: 0.62-0.71) ( Table 4 ).
Notable differences
There was a 'notable difference' for 326 (7.6%) of the 4269 cells with at least one non-null estimated proportion of exposed jobs in either the men's or women's JEMs (Table 4 and Supplementary Table C, available at Annals of Work Exposures and Health online). Among these, jobs held by men were more often exposed in larger proportion (219 cells) than those held by women (107 cells). The majority of notable differences in exposure between men and women occurred in occupations where 30% or less of the workers were deemed exposed. Regarding frequency-weighted intensity of exposure, none of the 654 cells included in the comparison presented a notable difference according to our operational criteria (Table 4) .
Description of the notable differences
The notable differences in the main analysis were associated with 51 occupational codes (out of 59 studied) and 121 chemical agents (out of 243). For 187 of the 326 cells with notable differences (57.4%), men and women held occupations whose more precise 7-digit occupational codes were different and entailed different exposures. For an additional 61 notable differences (18.7%), men and women within a 4-digit occupational code did not work in the same industry. For 78 notable differences (23.9%), a review of each questionnaire showed that men and women did not report the same tasks within a given 4-digit occupational code. Finally, no explanation could be found with the available data on the remaining 10 notable differences (3.1%) (Supplementary MaterialResults and Supplementary 
Sensitivity analyses
Precision of JEM's coding
Using greater precision (7-digit) for occupational codes, the agreement for proportion of exposed jobs increased slightly compared to the main analysis (4-digit occupational codes) ( Table 4 ). The proportion of notable differences decreased, with 5.4 % of cells presenting notable differences that were similarly distributed between sex. When occupations were associated with the industry in Table 1 . Description of the 59 studied occupational titles with at least 10 jobs among men and women and ordered by percentage exposed among men.
Studied occupational codes
Jobs held by men (n total = 6870) which they were held, the ICCs also increased slightly as compared to the main analysis, but the proportion of notable differences was slightly higher (8.9%, compared to 7.6% without consideration of industry) with no clear trend for men or women being more often exposed. Although agreement for exposure intensity, frequency and frequency-weighted intensity increased when using 7-digit occupational codes, they did not change notably or even decreased when using the combined 4-digit occupational codes/2-digit industrial codes.
None of the compared cells showed a notable difference for frequency-weighted intensity for the 7-digit occupational codes or the combined 4-digit occupational codes/2-digit industrial codes analyses.
Different scales for frequency-weighted intensity
When considering different scales for the calculation of frequency-weighted intensity (1-2-3, 1-3-9, 1-10-100), the overall agreement decreased with the increase of the range of weights, that is, using 4-digit occupational codes, the ICC was 0.72 (95% CI: 0.68-0.76) on the 1-2-3 scale and decreased to 0.63 (95% CI: 0.59-0.68) on the 1-10-100 scale (Table 4 , frequency-weighted intensity section, Scales of intensity categories for calculation of the metric part).
Effect of changing the criteria for notable difference
Using either a smaller difference (statistically greater than 0) or the same difference categories but without the requirement of statistical significance (keeping our main criteria without statistical significance consideration) increased the absolute number of differences flagged as notable (from 326 cells in the main analysis to 1104 cells with a difference statistically greater than 0 at 95%, and 1076 cells with our main criteria without statistical significance consideration). However, our main conclusion remained unchanged, jobs held by men having higher exposure proportions than those held by women (Supplementary Table E, available 
at Annals of Work Exposures and Health online).
Agreement between women from the two studies Agreement in proportions of exposed jobs between the two sets of women across occupations corresponded to an ICC of 0.90 (95%CI: 0.89-0.90). It was 0.89 (95% CI: 0.87-0.91) and 0.61 (95% CI: 0.56-0.66) for frequency and frequency-weighted intensity, respectively. The weighted Kappa for intensity of exposure was 0.76 (95% CI: 0.69-0.82).
Discussion
Differences in proportion of exposed jobs within occupations
Overall, our data showed agreement (ICCs ranging from 0.76 to 0.84) between men and women in the proportion of jobs that are considered exposed to any given agent within the same occupation. However, the distribution of discordant cells (Table 2 ) also suggested a tendency of higher values of exposure metrics for men (1055 jobs deemed more exposed in men than in women and the reverse in 715 jobs).
We also identified a nonnegligible number of situations in which the difference was important enough to meet our criterion of 'notable difference' while accounting for chance. Three-quarters of the 326 notable differences were explained by lack of precision of the occupational code or by differences in the industry; namely the 4-digit occupational code contained subsets with different proportions of men and women, and with different exposure profiles. For the remaining 78 notable differences, a review of the original questionnaires showed that men and women did not report the same tasks. It is, however, impossible to verify whether men and women really performed different tasks or if task recall and/or reporting differed by sex (Supplementary Table E, available at Annals of Work Exposures and Health online). Studies that have investigated differences between men and women in task assignment within the same occupation reported that within the same occupational title, exposure differences were associated with the segregation of tasks by sex (Messing et al., 1994; Messing et al., 1998; McDiarmid et al., 2000; Messing et al., 2003; Locke et al., 2014) . Based on occupational histories from three case-control studies, Locke et al. (Locke et al., 2014) found sex differences in reported tasks within the same job titles and showed that women tended to report a longer duration for the same tasks. However, the authors could not discern whether the observed differences were associated with tasks performed or with differential recall or reporting by sex, as in our study and Eng et al's study. Although some studies assessed differences in selfreported exposures (Joffe, 1992; Teschke et al., 1994; Bauer et al., 1999; Parks et al., 2004; Sembajwe et al., 2010) , none reported on sex difference in work history reporting, and it is difficult to hypothesize whether and how this would vary between men and women.
Differences in frequency-weighted intensity of exposure
We also observed good agreement for exposure frequency and intensity among exposed cells (ICC values of 0.75 and 0.67, respectively) , and the observed differences were not large enough to be flagged as notable according to our criterion. However, there was suggestion (Table 3 and Figure 1 ) of a trend of higher intensity, frequency, and frequency-weighted intensity of exposure in men. Percentage calculated as the number of cells with notable differences divided by the number of exposed cells g Proportion of exposed jobs higher for jobs held by women than those held by men h Proportion of exposed jobs higher for jobs held by men than those held by women i Frequency-weighted intensity of exposure calculated by multiplying frequency of exposure (percentage of a 40-h week exposed) and intensity using different weights for the three categories: low, medium, and high.
Methodological considerations
The exposure data in our study was derived from retrospective exposure assessments by expert coders. Although this method is considered a gold standard for retrospective exposure assessment (Teschke et al., 2002) , it relies on self-reported job histories and task descriptions, and on the knowledge of experts about workplaces and hundreds of exposures that might have occurred decades earlier.
Although the assessment procedure has been shown to have high inter-rater agreement (Goldberg et al., 1986; Siemiatycki et al., 1997) , the validity of exposure assessments might have varied between chemical agents and between jobs. Moreover, the semi-quantitative exposure metrics developed in our study could have prevented detection of small but relevant differences in the actual exposure. Finally, as the expert coders could easily be aware of the sex of the subject, the exposure assessment process may have suffered from sex-associated biases for some chemical agents and/or jobs but it is impossible to assess the extent of such potential bias here. In order to increase the number of occupational codes covered, we pooled data from two different case-control studies, one on lung cancer, including both men and women, and the other one on breast cancer, including only women. Both studies were carried out in the greater Montreal area, in the same hospitals, approximately in the same time period, and exposure assessment was made by the same team of experts. However, the cancers were different and have a different set of non-occupational risk factors that may be correlated with occupational choices by women from the two studies. Moreover, control women came from the general population in the lung cancer study and from other cancer cases than breast for the breast cancer study. However, as we observed high agreement across occupations between women from the two studies, we think it is unlikely that the differences observed between men and women would be affected by differences between the studies.
The two JEMs were computed using summary statistics from a finite sample of jobs and are consequently subject to sampling variability. Thus, it is expected that even if true exposures among men and women were identical, we would observe differences due to chance alone and that our power to attribute an observed difference in a JEM cell to chance or to a true underlying phenomenon was limited. We tried to overcome this issue by studying absolute agreement patterns, and by using judgement-based criteria integrating uncertainty to identify situations relevant to risk and unlikely to result from chance. As expected, the number of differences identified as 'notable' differ when these criteria are changed, as illustrated by our sensitivity analysis using two alternatives. Hence, we cannot conclude that the differences we flagged as notable in our main analysis are the only instances where true sex differences exist (our criterion was quite stringent). However, whatever the criterion used, our main conclusion remains essentially the same, there were little notable differences with an imbalance toward more exposure in men.
We included information from both cases and controls in our comparison. Lavoué et al. briefly discussed this issue, without resolving it, when comparing two JEMs, FINJEM and a Montreal JEM based on data from the lung cancer study . Kirkham et al., in a subsequent in depth study based on data from the same lung cancer study, concluded that aggregating case and control information into a single JEM was justifiable given the benefits of increased sample size (Kirkham et al., 2016) .
One consequence of our findings is that in our study population, data from our JEM for men can provide a first approximation of exposure among women holding the same occupations. Although agreement was not perfect, it was good enough that, in absence of a specific JEM for women, using the men's JEM would provide information that is correlated with the corresponding information on women. For some specific situations however, men's JEM might not be sufficient and the need for women specific estimates should be evaluated whenever women's exposure data are available. The scarcity of empiral data warrants continued effort to compare men's and women's exposures.
Conclusion
Within the same occupation, exposures were generally in agreement, except for some occupation-chemical pairs showing notable differences, and a tendency of more exposure in men. Most of these differences were explained by lack of precision of the occupational code and/or not taking industry into account, whereas the remainder was explained by dissimilar reported tasks. These results are consistent with the hypothesis that for some specific occupations, men and women do not perform the same tasks but when they report the same tasks for a given occupation, they were exposed similarly.
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